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Summary

Summary for scientists

Metabolism is the whole of all chemical processes in an organism that
enable adaptation to changing environments. The intermediates of me-
tabolism, called metabolites, are organized in pathways, which are part
of a large network. Analyzing how those pathways function is an impor-
tant topic in systems biology, because it contributes to understanding
cellular mechanisms. Metabolic networks are important for different dis-
ciplines. In medicine, they can help to distinguish healthy and diseased
or study the effect of drugs. Metabolic networks can be used in plant
biology and microbiology to study the effect of environmental perturba-
tions, like availability of nutrient and carbon sources.
This thesis focuses on deriving metabolic network information from time-
resolved metabolomics data. Pathways can be studied on different levels:
one can derive the structure, reaction coefficients, directionality of the
reactions or kinetic parameters. One can also compare networks between
conditions to infer information about their regulation. Another type of
studies focuses on adaptation of organisms to their environment.
Pathways are no static entities, but are highly dynamic. This thesis
focuses on inferring those dynamic properties from time-resolved meta-
bolomics data.
Chapter 2 presents a study on deriving the structure and directionality
of metabolic networks from time-resolved metabolomics data. Network
inference methods are evaluated by using appropriate simulated data.
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Summary

Current measurement methods are contrasted with computational me-
thods. The results show large discrepancies between the requirements of
computational methods and contemporary measurement practice.
In chapter 3 Goeman’s global test, a statistical method from gene-
expression analysis, is used to test metabolic pathway differences be-
tween conditions. Testing on experimental data of E.coli and S.cerevisiae
shows that Goeman’s global test can be generalized to metabolomics.
In chapter 4, we show how correlation analysis in time-resolved me-
tabolomics data under different conditions can give more insight in the
regulation of biochemical processes. Correlation analysis is combined
with a priori information about the reaction scheme to infer possible
scenarios for the regulation of a pathway. These regulation scenarios are
related to changes in the distribution of reaction rates.
Chapter 5 focuses on integrating experimental data into Dynamic Flux
Balance Analysis (DFBA), a method to study reaction rates over time.
Combining DFBA with experimental data reduces both the solution
space and the computational complexity of standard DFBA. Applica-
tions of the DFBA method are testing hypotheses about cellular adap-
tation to the environment and estimating reaction rate profiles. A case
study about hypothesis testing is presented. Hypotheses about adap-
tation of S.cerevisiae to a glucose pulse are incorporated in the DFBA
framework as an objective function and the resulting reaction rate pro-
files are confronted with the literature.
The thesis concludes with an overview of challenges for future research
in metabolic network inference (chapter 6).

138



Summary

Summary for non-scientists

Metabolism is the whole of all chemical processes in a living organism.
These processes ensure that the organism grows and is resistant to
changes in the environment. Metabolites are grouped in sequences of
subsequent metabolic processes, called metabolic pathways, which are
connected to each other in a large network.
The study of metabolic pathways is important for various disciplines in
scientific research and industry, including medicine, pharmacy and food
industry.
In this thesis, metabolic pathways are studied by using data of metabo-
lite concentrations which are measured at different time points. Time
plays an important role in the study of metabolism because metabolic
processes are very dynamic.
Chapter 2 examines mathematical methods for discovering new meta-
bolic pathways. From the comparison of the requirements of the mathe-
matical methods with current laboratory practice, we can conclude that
mathematical and experimental methods are not consistent with each
other.
In chapters 3 and 4 we compare metabolic pathways under different
conditions. In chapter 5 we search for biological principles that en-
sure that certain metabolic processes change due to adaptation of the
organism to the environment, while other necessary processes are main-
tained.
The thesis concludes with recommendations for future research (chapter
6).
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